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Introduction
Water is an environment-friendly solvent and has gained increasing application recently in organic synthesis and in homogeneous catalysis. [1] [2] [3] [4] [5] Water-soluble transition metal complex catalysts frequently contain tertiary phosphine ligands, [6] although hydrosoluble Nheterocyclic carbenes, [7] [8] [9] [10] salens and salans [11] also receive attention. Among tertiary phosphines, monosulfonated and trisulfonated triphenylphosphines, usually as their sodium salts (mtppms-Na [12, 13] and mtppts-Na 3 , [14, 15] respectively) are the most commonly used. In addition, the small aliphatic phosphine, PTA [16] [17] [18] (1,3,5-triaza-7-phosphatricyclo[3.3.1.1 3, 7 ]decane) and its various derivatives have often been used for synthetic and catalytic purposes. Due to the importance of aqueous organometallic catalysis in green chemical processes, a wide range of water-soluble catalysts with ruthenium, rhodium, iridium, palladium, and other metal ions has been investigated. The present study is . [16] Scheme 1. Water-soluble phosphines used in this study
In the presence of Na-formate, trans-[RuCl 2 (PTA) 4 ] proved catalytically active both in transfer hydrogenation of aldehydes [16, 22] and in redox isomerization of allylic alcohols. [23] Conversely, reduction of aldehydes by complexes with the general formula cis-cis-trans- 4 ] in transformation of oct-1-en-3-ol to octan-3-one. These catalysts were obtained in reactions of the water-soluble cis-[RuCl 2 (DMSO) 4 ] with PTA and its N-alkylated derivatives and were applied either synthesized in situ or as isolated solid compounds. [23] Light-sensitivity of cis-[RuCl 2 (DMSO) 4 ] is well known [24] and therefore these catalytic redox isomerization reactions were run with strict exclusion of light unlike several earlier studies [16, 22, 25] in which no attention was paid to possible photochemical effects.
It has been reported that upon irradiation trans-[RuCl 2 (PTA) 4 ] can be isomerized to cis-[RuCl 2 (PTA) 4 ] and the latter can be aquated to cis-[RuCl(OH 2 )(PTA) 4 ] + . [26, 27] The photoactivity of trans-[RuCl 2 (PTA) 4 ] brings up the question of the influence of visible light irradiation on the rate or selectivity of the reactions catalyzed by this complex. 2 (PTA) 4 ] efficiently catalyzed the hydration of various nitriles, as well. [28] We have also reported on the catalytic application of cis-cis-trans-[RuCl 2 (DMSO) 2 L 2 ] complexes and that of trans-[RuCl 2 (PTA) 4 ] in hydration of various nitriles, [29, 30] however, these studies did not include investigation of photochemical effects.
Trans-[RuCl
In several cases [16, 22, 25, 29, 30] the catalytically active species was presumed to be a Ru(II)-trisphosphine complex, however to date such species have not been isolated in pure form. Earlier, [Ru(OH 2 ) 3 (PTA) 3 ] 2+ (formed in the reaction of [Ru(OH 2 ) 6 ](tos) 2 and PTA) was characterized in aqueous solution [21] and very recently cis-mer-[Ru(S)Cl 2 (PTA) 3 ] complexes were identified in refluxing solutions of trans-[RuCl 2 (PTA) 4 ] using S = DMSO or CH 3 CN as solvents. [27] We deemed important the synthesis and characterization of Ru(II)-PTA complexes with a PTA:Ru=3:1 ratio including also the study of their photoactivity. In addition, we also investigated the hitherto unexplored photochemistry of cis-cis-trans-[RuCl 2 (DMSO) 2 Ru(II)-PTA catalysts is also reported.
Experimental Section
All reactions were carried out under an N 2 atmosphere using standard Schlenk techniques.
Solvents were dried and deoxygenated under nitrogen/vacuum before use. Doubly distilled water was used throughout. PTA, [31] (PTA-Me)CF 3 SO 3 , [32] (PTA-Bn)Cl, [33] trans-[RuCl 2 (PTA) 4 ], [16] cis-[RuCl 2 (DMSO) 4 ], [34] [(DMSO) 3 Ru(μ-Cl) 3 RuCl(DMSO) 2 ], [35] [{RuCl 2 (η 6 -p-cymene)} 2 ] (p-cymene = p-isopropyltoluene), [36] cis-cis-trans- [23] were prepared according to the literature. UV-Vis spectra of 10 -3 -10 
Photolysis
Irradiation of the NMR tubes with broad-band UV-visible light was carried out using a homemade photo-reactor with a built-in standard 150 W halogen lamp [37] and a LOT-Oriel 150 W Xenon lamp. Irradiation at selected wavelengths was carried out with the Xenon system equipped with a water filter (5 cm) and appropriate band-pass or interference filters (Schott).
Solutions for photolysis and reactions in the dark were prepared under Ar and transferred to 10 mm path-length quartz cells. During photolysis the solutions were stirred using a small magnetic stirring bar inside the cell. 
Synthesis of mer-trans-[RuCl

Reaction of cis-cis-trans-[RuCl
Reactivity of 1 in D 2 O with NaCl
Compound 1·3H 2 O (15 mg, 0.021 mmol) was dissolved in 0. 
Catalysis
Aqueous-organic biphasic transfer hydrogenation of aldehydes
Appropriate amounts of the Ru(II)-PTA catalysts containing 0.0625 mmol Ru were placed into a Schlenk tube which was carefully deoxygenated and filled with N 2 . The catalyst was dissolved in 5 mL of 5 M aqueous Na-formate solution, followed by addition of 4.92 mmol benzaldehyde or 3.96 mmol cinnamaldehyde in 5 mL chlorobenzene using hypodermic syringes. The reaction mixture was rapidly stirred at T=80 °C for t=3 h using a magnetic stirrer. After this time the mixture was cooled, the phases separated, a sample of the organic phase was passed through a short MgSO 4 plug and analyzed by gas chromatography.
In certain cases the catalyst was obtained by 20 min irradiation of a solution of trans-
Hydration of nitriles
0.05 mmol of the appropriate complex and the required amount of substrate and additives were placed into a Schlenk tube equipped with a reflux condenser and a bubble counter and were dissolved in 3 mL water. Under argon atmosphere 1 mmol benzonitrile was added and the tube was immersed into an oil bath of 100-108 °C temperature and refluxed for 3 h.
Samples (50 μL) were taken from the hot reaction mixture at 1, 2 and 3 h, and were extracted with 3×2 mL dichloromethane. Part of the combined organic phases was passed through a short plug of anhydrous MgSO 4 and analyzed by gas chromatography. [38] or SHELXS-XTL [39] ) and refined by least-squares procedures on Index ranges 3 ]Cl in alcohols at reflux temperature. [41] With P(Bu) 3 and P(CH 2 OH 3 ) 3 the dimerization took place even at room temperature, albeit in slow processes. [42] [43] [44] We have found that [{Ru(PTA) 3 3 ] 2+ (P trans-Cl = 2.220(2) Å -P trans-P = 2.333(2) Å), [40] showing a similar short distance for the P atom trans to the Cl. Nevertheless the Ru-P trans-Cl distance is longer than those for Ru-P trans-P and they are quite different from those found in cis-[RuCl 2 (PTA-Me) 4 ]
4+
(Ru-P trans-Cl = 2.267(2) Å, 2.277(2) Å; Ru-P trans-P = 2.375(2) Å, 2.377(2) Å). [40] The three RuCl bond lengths in 2 (Ru1-Cl3 = 2.4033(19) Å, Ru1-Cl1 = 2.4198(18) Å, Ru1-Cl2 = 2.5025(16) Å) are somewhat different but similar to those observed for mer-[RuCl 3 (PTAMe) 3 ] 2+ (Ru1-Cl1 = 2.427(1) Å, Ru1-Cl2 = 2.496(1) Å, Ru1-Cl3 = 2.422(1) Å); [40] however, a new feature is that the Ru-Cl distance trans to P is the longest.
The ruthenium ion in 3·HCl·2H 2 O is in an octahedrally distorted coordination geometry bonded to three PTA ligands by the P atom and to three Cl -in a fac disposition. The ; the metal atoms are coordinated in a distorted octahedral geometry to three PTA ligands through the P atoms. According to the Cambridge Structural Database [45] to date only 8 chloro-bridged dinuclear Ru(II)-complexes with monodentate phosphine ligands (similar to 4) have been characterized in solid state [42] [43] [44] [46] [47] [48] [49] . The distances Ru-P and Ru-Cl for the two metals are not the same (Ru1-P1 = 2.2672(9) Å; Ru1-P2 = 2.2601(10) Å; Ru1-P3 = 2.2518 (9) Å; Ru2-P4 = 2.2499(9) Å; Ru2-P5 = 2.2438 ( [46] , Cl [47] ) both ruthenium atoms have equal distances to phosphines as well as to chlorides; in the chloride salt the average Ru-P distance (2.266(2) Å) was found larger while the average Ru-Cl distance (2.503(6) Å) almost the same as in 4. It is known that PTA and P(CH 3 ) 3 have similar cone angles and basicity, therefore the observed differences in the complex structure must be due to the crystal packing of the complex. In fact, complex 4 is involved in an extensive strong hydrogen-bond network made by connections of N atoms of the PTA molecules with the neighbouring molecules (Suppl. Figure S3 ). [26, 27] it is important to learn how these photochemical processes may influence the reactions catalyzed by the 4 ], and small amounts of 3-phenyl-1-propanal and 3-phenyl-1-propanol could also be detected (entry 3). 4 ] with no irradiation (entries 4 and 2). Since already such a small excess of chloride is sufficient to prevent aquation [26, 27] this result shows 
Catalysis
Biphasic reduction of aldehydes catalyzed by water-soluble Ru(II)-PTA complexes
Hydration of nitriles
For hydration of nitriles earlier we applied catalysts formed in situ from -among others-cis- 4 ] and PTA and (PTA-Bn)Cl. [29, 30] [29]
Here we report on the catalytic activity of various new, isolated Ru(II)-complexes with PTA-derived ligands as catalysts for benzonitrile hydration (Scheme 8) as well as the effect of light on the catalytic reactions. The results are shown in Table 3 (entries 1-3 and 10 are included for comparison from ref. [29] ). and 3 eq (PTA-Bn)Cl. [29] Similarly, an earlier study on catalysis of nitrile hydration with halfsandwich [RuCl 2 (arene)L] (L=PTA, (PTA-Bn)Cl, mtppms-Na) complexes also showed the PTA-Bn containing catalysts the most effective (independent of the arene ligand). [50] The catalysts shown in Table 3 also failed. Clearly, further experiments are needed to clarify the mechanism of this catalytic nitrile hydration and that of the "magic" effect of (PTA-Bn)Cl. 4 ] also measured in the presence of 5 eq NaCl (entries 13 vs 14). In general, NaCl seems to decrease the rate of benzonitrile hydration catalyzed by Ru(II)-PTA phosphaurotropine species (entries 13, 14 vs 10).
Conclusion
The results described above show that in many cases the composition of in situ prepared 
